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Purpose: To evaluate a semi-automated paired cartilage seg-
mentation algorithm for the assessment of cartilage volume,
surface area and thickness.
Methods: Unilateral knee MR images of 12 subjects (6 healthy, 6
with clinical osteoarthritis (OA) of the knee) from an Osteoarthri-
tis Initiative (OAI) pilot study were obtained. Each subject was
imaged twice to permit measurement of repositioning repro-
ducibility. 3D DESS (sagittal, 0.365mm x 0.365mm, 0.7mm slice
thickness, TR 16.5msec, TE 4.7msec) images were obtained
on a 3 Tesla Siemens Trio with a USA Instruments quadrature
transmit-receive extremity coil.
In the first segmentation session we evaluated each acquisition
and measured cartilage morphometry independent of any prior
information. In the second round, image pairs were viewed con-
currently in two adjacent windows. After manual registration of
the segmented contours, the first segmentation results served as
the Quality Control of the second segmentation. Cartilage edge
identification was accomplished by an automated software al-
gorithm based on predetermined greyscale differences between
the surrounding soft tissue and bone.
We evaluated cartilage morphometry measures of the bone
and cartilage surface area (SA), cartilage volume and thickness
for medial/lateral tibia, total femur and patella. The root-mean
square coefficient of variation (RMS CV) was used as a metric
to quantify the test-retest reproducibility.
Results: For the paired analyses RMS CV ranged from 0.9% to
1.2% for volume, from 0.3% to 0.7% for cartilage SA, from 0.6%
to 2.7% for the bone SA and 0.8% to 1.5% for thickness (Table 1).
Table 1. Paired reproducibility (RMS CV)
Medial Tibia Lateral Tibia Patella Femur
Vol. 1.2% 0.9% 1.2% 1.0%
Cart SA 0.7% 0.5% 0.6% 0.3%
Bone SA 2.7% 1.5% 1.0% 0.6%
Thickness 1.5% 0.8% 1.2% 0.9%
Conclusions: The use of paired image analysis is shown to
improve the measurement precision. Our results support the use
of paired analysis for longitudinal studies of knee osteoarthritis.
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Purpose: In osteoarthritis the cartilage of joints is damaged,
but also bone changes take place such as the formation of
osteophytes and thickening of the subchondral bone plate. The
dynamics of these bone changes are as yet unclear. Using in vivo
micro-computed tomography (micro-CT) it is possible to follow
bone remodeling over time in 3D and we applied this technique
to study changes in the thickness of the subchondral bone plate
after induction of osteoarthritis in mice.
Methods: Following the approval of the animal ethics committee,
we used male C57Bl/6 mice, aged 16 weeks. To induce os-
teoarthritis, 10U of highly purified bacterial collagenase (Sigma,
St Louis, MO) was injected into the right knee intra-articular
space, whereas the contra lateral left knee served as a control
and was injected with saline. We monitored changes in thickness
of the subchondral bone plate of the tibia over a time period
of 14 weeks in a group of mice (n=8) that were scanned in an
in vivo micro-CT scanner (Skyscan 1076, Skyscan, Belgium) at
0, 2, 4, 6, 10 and 14 weeks after induction of osteoarthritis.
Other groups of mice were used for histological analysis. The
first scan results as presented here represent timepoints 0, 4
and 14 weeks. After scanning and segmentation of the grey
scale images the thickness of the subchondral bone plate in the
epiphysis of the tibia was calculated using the software package
3D-Calc. MIRIT software was used to align consecutive scans
within one animal. Mice in the histology groups were euthanized
at the indicated time points and knee joints were formalin-fixed,
embedded in methyl methacrylate and sectioned. TRAP staining
was performed to visualize osteoclastic activity.
Results: Consecutive scans were aligned to visualize the bone
changes within one animal in a quantitative manner. Subchondral
bone thickening below the calcified cartilage layer and osteophyte
formation were observed in the collagenase-injected joints. In
the contra lateral saline-injected control joints these processes
were not observed (figure 1). Quantitative analysis showed that
the subchondral bone plate became thinner 4 weeks after the
collagenase injection both at the medial and lateral side of the
tibial plateau, but after 14 weeks a remarkable recovery was
observed and thickness increased again. Histological sections
at T=4 weeks after collagenase injection were analyzed for the
presence of osteoclasts to see whether this corroborated the
observed initial thinning. A marked invasion of osteoclasts was
observed directly underneath the subchondral bone plate in
collagenase-injected joints.
Fig. 1. Aligned in vivo micro-CT scans of consecutive time points from saline
and collagenase-injected knee joints within one animal. Arrowhead: osteophyte,
white arrow: subchondral bone plate thickening, grey arrows: ectopic calcifica-
tions.
Conclusions: We used in vivo micro-computed tomography to
monitor subchondral bone plate remodeling in osteoarthritic knee
joints of mice. After osteoarthritis induction, initial thinning caused
by increased resorptive activity was followed by subsequent thick-
ening lateron. The cause for the increased bone formation rate is
as yet unknown, current analysis of the other timepoints should
give more information about where the switch from osteoclastic
resorption to bone apposition took place.
